A dust incursion occurred in Istanbul on 1 February 2015 from the Saharan Desert. During this episode, 938 g⋅m −3 of TSP concentration was observed. TSP concentration was 64 g⋅m −3 and 78 g⋅m −3 on the following two days. Particles of 3 m were dominant during the episode; however, particles < 0.49 m were dominant after the episode. The averages of total (gas + particle) PCB, PAH, and OCP concentrations were 279 pg⋅m −3 , 175 ng⋅m −3 , and 589 pg⋅m −3 , respectively. Tri-CBs were dominant in most of the samples. Flt and Phe had the highest contribution to PAH species. -HCH and heptachlor had the highest share in terms of OCPs. Particle phase PCBs exhibited monomodal size distribution, whereas OCPs had bimodal size distribution. PAHs exhibited either monomodal or bimodal size distribution on different days. The mass median diameter of PAHs did not change significantly during different atmospheric conditions due to their local sources. Gas/particle partitioning of each pollutant was evaluated by plotting their subcooled vapor pressure against the partitioning coefficient. From 1 to 3 February, the slope of the regression line shifted close to −1, indicating that the least favorable conditions were present during dust incursion for an equilibrium state.
Introduction
Several epidemiological studies revealed that particulate matter (PM) is an important cause of respiratory, cardiovascular, allergic, and lung cancer diseases [1, 2] and is reported to lead an increase in mortality [3, 4] . Some studies relate PM 2.5 exposure and increased mortality [5] [6] [7] . Health effects that are related to PM depend on their characteristics such as concentration, size, and their chemical composition [8, 9] . Therefore, monitoring such characteristic properties of PM is essential to understand their effects, sources, formation, removal, and transformation mechanisms in the atmosphere [10] . From this perspective, the most important data about PM is its size distribution, which provides information about their sources, formation processes, and the transformation processes during atmospheric transport [11] . Atmospheric particles can be classified into three major groups as < 0.1 m, 0.1 m < < 2.5 m, and > 2.5 m according to their sizes [12] . Each of these sizes has different sources. Ultrafine particles occur through combustion processes or are generated through homogenous nucleation; accumulation mode particles are formed by the growth of ultrafine particles; and coarse particles are formed by mechanical processes [12] .
Polychlorinated biphenyls (PCBs), polycyclic aromatic hydrocarbons (PAHs), and organochlorinated pesticides (OCPs) are classified as semivolatile organic compounds (SVOCs). The vapor pressure of SVOCs varies between 10 −4 and 10 −11 atm [13] . PCBs and OCPs are also among the group of persistent organic pollutants (POPs). These pollutants are listed as POPs due to their high toxicity, prolonged persistence over time in the environment, and 2 Advances in Meteorology carcinogenic/mutagenic effects [14] . PCBs were commercially produced and used for approximately 50 years. Their historical global production estimation is approximately 1.3 million tons [15] . Although intentional PCB production is not present anymore, they are still released from previously contaminated sites and industrial activities. Several studies indicate that in particular thermal industrial processes cause PCB releases into the atmosphere [16] [17] [18] . OCPs were applied to agricultural product protection against insects, herbs, and fungi. Some amount of the applied OCP fraction is emitted to the atmosphere [19] . Although OCPs are banned, they are still detected in different environmental mediums [20] . Their persistent structure and evaporation from previously contaminated sites result in their detection. PAHs constitute some of the organic fraction of PM [21] and are formed during the incomplete combustion of organic materials. Therefore, they can be emitted from various sources. The most significant sources of PAHs in the urban atmosphere are motor vehicles [12] . The size distribution data of PAHs in the urban atmosphere provides critical data of their transport and fate [22] . Either SVOCs or POPs can be transported over great distances due to their volatility and persistent existence in the atmosphere [23] .
Istanbul is located between the continents of Asia and Europe and is a common route for air masses transported between these continents [24] . If air flows from east of the Carpathian Mountains channels over the Black Sea to the Aegean Sea, air masses from European countries arrive in Istanbul [25] . From time to time, different air mass transportation route from the Saharan Region of North Africa to Istanbul is formed. In the winter and in spring, dust outbreaks are observed at Istanbul [26] [27] [28] . In this study, air sampling was conducted in Istanbul during a Saharan dust incursion event. The primary aims of this study were to characterize (i) ambient aerosol size distribution, (ii) PCB, PAH, and OCP particle size distribution, and (iii) gas/particle partitioning during dust transportation. Particles were sampled with both a high volume sampler and high volume cascade impactor. In order to differentiate the episodic term results from nonepisodic conditions, sampling continued for two additional days after the episode. Two devices were used for ambient sampling. A high volume air sampler (HVAS) was used to collect both particle and gaseous phase pollutants (Tecora ECHO HiVol). HVAS was equipped with a filter and cartridge holder. Ambient air was first drawn through glass fiber filter (GFF) and then passed through two polyurethane foams (PUFs) connected in a series, downstream of the glass fiber filter. , and 5 g⋅mL −1 , respectively. Samples were extracted with a 1 : 1 (v : v) acetone : hexane mixture. PUFs were Soxhlet extracted, whereas filters were ultrasonically extracted. The extraction duration of PUFs was 24 hours. The extraction time for filters was one hour. Filters were extracted with two equal aliquots in two sets of 30 min. At first, filters were extracted at solvent mixture of 25 mL volume. When the extraction time was completed, 25 mL of the same solvent mixture was included and the extraction was continued for another 30 minutes. After extractions of the PUFs and filters were finished, their solvent volumes were reduced to 2 mL by rotary evaporator.
Materials and Methods

Clean-Up.
Samples were then cleaned up and fractionated through a column of 3 g silicic acid (3% water), 2 g neutral alumina (6% water), and 2 g Na 2 SO 4 [29, 30] , which was prewashed with 20 mL of dichloromethane and 20 mL of petroleum ether, respectively. The sample in 2 mL of hexane was poured to the column and PCBs were eluted with 20 mL of petroleum ether. Then, PAHs and OCPs were eluted with 20 mL of dichloromethane. The solvent exchange procedure was applied to samples. Volumes of the samples were reduced to 2 mL under gentle nitrogen blow-down system and 15 mL of hexane was included. This step was repeated twice. The final extract was in hexane [31] . Samples including PCB were cleaned with H 2 SO 4 and concentrated to 1 mL by stripping with pure nitrogen gas. Samples containing OCP and PAH compounds were only concentrated to 1 mL ∘ C at a rate of 5 ∘ C⋅min −1 , and finally held for two minutes at 300 ∘ C. The calibration was accomplished using seven standard solutions with concentrations ranging from 0. Splitless injection was used for the entire samples. After each ten sample injections, stability was checked with the medium standard. The values of determination coefficients for distinct species were above 0.995.
Quality Assurance/Quality
Control. Glassware products, used in the laboratory, were washed with pure water, methanol, and dichloromethane, then dried, and covered with aluminum foil to protect them from contact with air [32] . Aluminum foils, used during the sample preparation and handling, were prebaked in the furnace and hexane rinsed.
Blank samples were taken with each data set. Limit of detection (LOD) for each pollutant was assumed as its blank signal plus three times its standard deviation [33, 34] . For PCB, PAH, or OCP species not detected in blank samples, LODs were based on their instrumental detection limit. All results were blank corrected. All recoveries were over 50%, so no samples were excluded. Recovery values are given in Table 1 .
Results and Discussion
Particle Matter Concentrations and Size Distribution.
Ambient TSP concentrations ranged between 64 and 938 g⋅m −3 . The highest concentration was observed on 1 February, during the dust transportation from the Saharan Desert. The MODIS image of this event is shown in Figure 1 . Istanbul is located in the uppermost edge of the dust plume in Figure 1 . Prevailing wind direction was SSW and wind speed was 7. [37] . Considering the previous studies, it could be inferred that ambient TSP concentration increased 10 times during the dust episode. Due to dry and wet deposition of particles, a sharp decrease in TSP concentrations was observed on the following two days. These concentrations were below the reported annual TSP concentrations. The precipitation event generated an additional force on concentration reduction.
In two distinct studies, it was reported that bimodal size distribution was observed in the Istanbul atmosphere [26, 38] . Sources of the particulate matter determine their size distribution. Relationship between adverse health effects of PM 2.5−−10 instead of PM 2.5 during the Saharan dust transportation event was reported [39] . Particle size distributions of this study are shown in Figure 2 .
This study revealed that particles retained on 3-7.2 m size fraction are highly enriched compared to nonepisodic period measurements. Bimodal size distribution was present. During the outbreak, mass median diameter (MMD) and geometric standard deviation ( ) were 2.6 m and 6.1, respectively. At the end of the episode, the dominance of 3 m sized particles decreased and again bimodal distribution was observed. Particles of <0.49 m dominated the distribution. On 2 February, MMD and were 1.0 and 6.9, respectively. On 3 February, unimodal distribution was observed in the finest fraction. MMD and were 0.9 and 9.2, respectively. log-probability plots of particle size distribution serves detailed information. Size distribution fractions achieved from HVCI cut-off diameters and, additionally, extracted PM 10 , PM 4 , PM 2.5 , and PM 1 data from log-probability plots are given in Table 2 .
PM 10 and PM 4 are called thoracic and respirable fractions [40] , respectively, and they are of great importance for epidemiological studies. Respirable fractions constituted 59.2%, 76.8%, and 74.4% of the particles for 1, 2, and 3 February, respectively. Although the respirable fraction is lower during the dust episode, the respirable PM amount is higher from other samples. these episodes cause increase in ambient POP concentrations. Ambient PCB concentrations increased about 2-3 times during Asian dust storm in northern Taiwan [41] . However, congener profiles of PCBs were consistent in the episode samples and nonepisode samples. In another study, in southern Taiwan and South China Sea, PCDD/F concentrations increased about 6-7 times during dust intrusion [42] . Congener profile was shifted in that incidence, probably suggesting the different source characteristics. Gas and particle phase pollutants on PCBs, PAHs, and OCPs during the sampling are presented in Table 3 . PCBs were shown as homolog groups; their congener concentration was given in Supplementary Material Table 1 , available online at http://dx.doi.org/10.1155/2016/7153286. Total (gas + particle) PCB concentrations varied between 165 pg⋅m −3 and 477 pg⋅m −3 . The highest concentration was observed during the dust episode. Twenty-one percent of the PCBs were found in the particle phase. On the following days this value decreased to 8% and 17.5%, respectively. On average, 12% of PCB concentration is present in particles in the Istanbul atmosphere [43] . An excessive amount of observed TSP concentration contributed to the increase in particle phase PCBs during the episode. During the dust episode, TriCBs were dominant in particle phase. However, penta-CBs were dominant in particles on the remaining days. Tri-CBs were dominantly found in Bursa and Bolu city atmospheres, which are close to Istanbul [44, 45] . The second and third highest contribution occurred from tetra-CBs and pentaCBs from many of the samples. These homolog groups are predominantly found in soil samples [32, 46] . Local sources seem to be the major contributor to congener profile during the nonepisodic period.
Gas and
PAH concentrations varied from 83 ng⋅m −3 to 244 ng⋅m −3 . Individual PAH concentrations were between n.d. and 7.0 ng⋅m −3 in the particle phase and between n.d. and 113.9 ng⋅m −3 in the gaseous phase. Ace was never detected during the three days in any of the samples. Phe and Flt were the most abundant compounds. Same dominant compounds were also previously reported in the Bursa atmosphere [47] . High molecular weight PAH compounds exhibited a tendency to be present in the particle phase. Averages of total PAH concentrations are higher than previously reported concentrations, covering more than an entire year, which were 100 and 84 ng⋅m −3 at two different urban sites in Istanbul [37] . Average concentrations of PAHs for gas and particle phases were declared as 126.8 ng⋅m −3 and 80 ng⋅m −3 , respectively, in Konya [48] . Higher results were reported in Zonguldak during the cold period, where gas and particle concentrations were reported as 293 ng⋅m −3 and 188 ng⋅m −3 , respectively [49] . In this study, a higher amount of PAH concentration was detected in particles during the episode, whereas PAH concentrations were higher on the remaining days in the gaseous phase. Ambient temperature decreased gradually from 1 to 3 February as 16 ∘ C, 10 ∘ C, and 8 ∘ C, respectively. Thus, the need for heating on 1 February was the lowest. This could be one reason for decreased gaseous phase PAH concentrations. Additionally, 1 February 2015 fell on a Sunday. The traffic contribution is the least among other days. The diagnostic ratios of specific particle PAH species give clues about potential sources. In addition to source identification, the ratio of more reactive PAHs to less reactive PAHs is used to determine the degree of photochemical degradation and aging of the air mass [50] . Higher values of the BaA/BaP ratio indicate relatively less association of PAH species with photochemical processes. Vardar et al. [13] reported average BaA/BaP ratio of 1.39 and 0.72, during heating and nonheating seasons, respectively. Highest value was observed during the dust episode (1.12). On the remaining days, the values were 0.33 and 0.15, respectively. Dust plume hinders and reflects sunlight. Thus, a relatively high BaA/BaP ratio occurred during dust transportation. A major local source around the sampling area is traffic. A BaP/BghiP ratio >0.6 indicates traffic sources; values <0.6 indicate nontraffic sources [51] . In particles, this ratio was 0.52 during the episode; however, it was 2.7 and 1.3 on 2 and 3 February, respectively. Traffic emissions are found to be prevailing on the weekdays. Nontraffic emissions were dominant during the episode.
Particle phase OCP concentrations varied between 57.4 pg⋅m −3 and 160.6 pg⋅m −3 , while gas phase concentrations were between 321.6 pg⋅m −3 and 571.4 pg⋅m −3 . The achieved results are in line with observed concentrations in Bursa [52] . However, results are lower than those in Konya, in the middle of Turkey [48] . The prevalence of OCPs was in the gaseous phase. The particle fraction of OCPs was between 9% and 22%. -HCH and heptachlor had the highest share. The lowest concentrations were detected during the dust incursion. Concentrations were mostly higher in the remaining days. Only -endosulfan concentration was higher during the dust transportation. Long-range transportation does not seem to have an effect on controlling the atmospheric 6 Advances in Meteorology concentrations of OCPs. One approach to evaluate the longrange transportation issue is the state of the -HCH/ -HCH ratio. When the ratio is >1, long-range transportation has an effect on ambient concentrations of HCH isomers [53] . Particle concentrations of the two isomers were only present on 1 February. The ratio was slightly over 1. Prevailing HCH isomers did not significantly contribute to the long-range dust transportation. Particle size distribution of PCBs, PAHs, and OCPs is given in Figure 3 .
PCBs exhibited monomodal size distribution. This mode was observed at 1.5-3 m size fraction during the dust incursion. On the other days, the mode shifted to 0.95-1. 
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OCPs exhibited bimodal distribution in each of the samplings. Dominancy was not consistent; prevalence changed each day. On 1 February, the most dominant fraction was 0.95-1.5 m, while the second most dominant one was 1.5-3 m. MMD was 1.5 m. On 2 February, particles of 0.49-0.95 m size fraction dominated the distribution. The second peak was observed at 3-7.2 m size fraction. MMD was 1.7 m in this case. In this case MMD of OCP was larger than MMD of PM. This result suggests that after OCPs enter the air, they are cooled and condensed on larger particles by adsorption [54] . The same issue for OCPs was previously reported by [12] . On 3 February, dominancy was observed at <0.49 m size fraction, while the second peak was at 1.5-3 m size fraction. MMD was 0.7 m.
3.3. Gas/Particle Partitioning. Gas/particle partitioning is an indispensable process to explain the fate of the SVOCs in the atmosphere. Regression of log versus log 0 is widely used for gas/particle partitioning calculations.
is the experimental partitioning coefficient in m 3 ⋅ g −1 and 0 is the subcooled vapor pressure in Pa. The relation is given in
where and are particle and gas phase SVOC concentrations, respectively. TSP is the total suspended particulate matter concentration in g⋅m −3 . and are regression parameters. Regression parameters determine the degree of equilibrium. Pankow [55] stated that equilibrium is assumed to occur when is equal to −1. However, in another study it was expressed that the equilibrium state can also be reached even though the slope parameter of the regression is different from −1 [56] . Sampling artifacts, fluctuations in TSP concentration and characteristics, the presence of nonexchangeable compounds on/in the particles, differences in the excess heat of desorption of the various compounds, and slow adsorption/desorption kinetics could result in shallow slopes other than −1 [30, 57, 58] . Subcooled vapor pressure of organic pollutants is calculated according to (2) . Experimental and values were gathered from Falconer and Bidleman [59] for PCBs, Odabasi et al. [60] for PAHs, and Cindoruk [52] for OCPs:
Regression plots are given in Figure 4 . Large variations among the regression slopes were observed. This is an expected case due to different meteorological conditions during the sampling. The shallowest slopes for each of the species are observed during the episodic conditions. This result suggests that the gas and particle phases are not in equilibrium. The increased TSP amount seems to be the reason for a nonequilibrium state. Additionally, transported particles from the Saharan Desert contain mineral dust, instead of organic content. That is why absorption capacity was reduced during the dust episode. The slope of PCB congeners varied between −0.44 and −0.04; intercept varied between −4.02 and −3.46. Shallow slope was observed during the dust episode. The slopes observed on the remaining days are steeper than the previously reported mean value of −0.23 [43] . The slope of PAH species varied between −0.62 and −0.35, whereas their intercepts varied between −5.35 and −3.49. Slopes that are shallower than −0.6 are interpreted to be due to the absorption of compounds to organic matter in the particulate matter [61] . Vardar et al. [13] divided observed PAH gas/particle partitioning slopes according to seasons as heating and nonheating. The slopes of nonheating season ranged between −0.47 and −0.83 and those of heating season ranged between −0.62 and −0.82. As stated earlier, air temperatures during the sampling period were 16 ∘ C, 10 ∘ C, and 8 ∘ C, respectively. Need for heating increased gradually from 1 to 3 February. This can be the additional factor for the steepest slope on 3 February for PAHs apart from other meteorological and particle related factors. The regression slopes of OCPs ranged from −0.17 to −0.78 and intercepts ranged from −4.20 to −4.69. Except for the episodic period, slopes were relatively close to −1. Cindoruk [52] determined OCP partitioning slopes to be in the vicinity of −0.5 in Bursa, which is located at approximately 100 km south of Istanbul. Bursa is closer to farming areas relative to Istanbul. It can be inferred that OCPs containing air masses were transported from further regions. Thus, the gas phase OCPs and particles had sufficient time to reach the equilibrium state.
Conclusions
In this study, sampling of ambient gas as well as particles was conducted by HVAS and HVCI on three consecutive days. The three days had different meteorological conditions. On the first day, dust transportation from Saharan Desert occurred. The next day, precipitation was observed and, on the third day, there were no significant extreme meteorological conditions or events. The aim of this study was to determine the gas and particle phase related concentrations and particle size distribution of aerosols and SVOCs during the dust storm and their variation after the storm. Ambient TSP was highly enriched during the dust transportation and PM size distribution was dominant at 3-7.2 m size fraction. On the other sampling days the dominancy was shifted to particles <0.49 m. Total PCB concentrations varied between 165 pg⋅m −3 and 477 pg⋅m −3 . Highest PCB concentrations were observed during the dust episode. TriCBs were most abundant among the other investigated 7 homolog groups. PCBs exhibited monomodal size distribution with MMD varying between 0.85 m and 1.95 m. PAH concentrations ranged between 83 ng⋅m −3 and 244 ng⋅m −3 . The least concentrations were observed during the episode and particle concentrations were higher compared to gas phase during that sampling. PAHs exhibited bimodal particle size distribution on 1 February and 2 February at fractions of <0. 49 were between 391 pg⋅m −3 and 732 pg⋅m −3 . The concentration gradually increased from 1 February to 3 February. OCPs were abundant in gaseous phase. They demonstrated bimodal particle size distribution during the entire sampling. Their MMDs ranged between 1.7 m and 0.7 m. Gas/particle partitioning of PCBs, PAHs, and OCPs exhibited great differences during three days. During the episode gas and particle phases were far from the equilibrium state. On each proceeding day, the slope of the phases moved closer to equilibrium state.
